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2T 1 !NTRODUCTIQN‘

The demam 1 by, consumers io;t fwsh dnd ﬁesh z::ut ﬁ‘unb and vecetab!es has
steadily increased due to nutritious qualities associated with fresh produce
and the convenience of ready-to-eat fresh foods. This. increased demand. has
resulted in increased per. capita comsumption of fresh produce. Although

Mentmn of trade names or commercial products. in le chapter is Sa::}ey fo; the purpose oi
providing specific information and does noi msph recommendation or endor semem by ih{. U
Department of Agriculture,
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Microbiology of Fruits and Vegetables

fresh produce is generally considered safe; it has been implicated in numerouns
foodborne outbreaks in. recent yea‘r's.*‘ The Centers for Discase Control and
Prevention reported that foodborne outbreaks associated with fresh produce
doubled between. the period - 1973 to 1987 and 1988 to 1992 [1]. Contami-
nation of fresh produce, often grown on the ground and/or in areas adjacent
to animal production, with human pathogens may occur during growth,
harvesting, handling, and processing. Conventional washing and sanitizing
treatrérits have Hmited efficacy in inactivating and/or temoving pathogens
on the surface of produce. Survival of human pathogens and other bacteria
during washing and sanitizing treatments is atiributed to their attachment to
inaccessible sites on produce surfaces such as within the netting of a-cantaloupe
{21, infiltration within the stem scar of tomatoes and the calyx region of apples
[3.4]. and incorporation into biofilms, as seen with apples 3], cantaloupes [2],
cand leaf surfaces [5,6]. Inadequate decontamination of fresh produce can
result in the survival of human pathogens on the surface with the possibility
of subsequent transfer of the pathogen from the surface; such as the rind of
a cantaloupe or the peel of an orange, to the flesh during fresh-cut processing
or juice extraction, respectively. Thus, the safety of fresh and fresh-cut produce
in supermarkets and salad bars, as well as the safety of freshly squecred
unpasteurized juices, especially those served.in fresh juice bars, Is-of voncern..
Although experimental approaches -to:washing prodoce. such as vacuum
infiltration of samtizers and application of abrasives during washing, have
resulted in greater microbial reductions compared’ to conventional treatments
{7}, these mnew -treatrnents. are ‘not capable of adequately. inactivating the
pathogenic bacteria in their protective attachment states on produce surfaces..
Furthermore, inactivation of sanitizing dgénts by Organic material such as soil
and debris in the washing solution, prior to contact with microorganisms, may
- Hmit their sanitizing effectiveness [8]: ~
An alternative approach to chemical sanitizers is surface pasteurization
with steam or hot water, Of ali the agents used to sanitize the surface of foods, -
walter is probably the most readily acceptable to the public

21,2 SURFACE PASTEURIZATION WITH HOT WATER

Unlike chemical sanitizers that only affect the surface of produce, hot water
(heated potable city water) washing can inactivate ‘bacteria below the produce
surface [8], and thus is potentially more effective than chemical washes [2,8,9].
Hot watér imimersion provides excellent heat transfer between the prodice
and the heating medium [10] and can quickly establish a uniform temperiture
profile on the surface of produce [2,161 Hot water surface pasteurization
hasg been used to control insects and is the most effective method fof destroying
microorganisms, inchuding postharcht plant pathogens- that cause spoilage
(Chapter 20). While surchu pasteurization; using hot water or steam, has been
shown to be effective in reducing levels of human pﬁthogeﬁﬁ on the surface
of meat and poultry [11,12] and intact eggs {13}, it has only limited nse in the
fresh and fresh-cut produce industries. Fresh fruits and vegetables investigated

R7541-02



Surface Pasteurization with Hot Water and Steam

TABLE 21.1
Effect of Washing Treatment (2 mihutes).on Log Reduction® in Escherichia coli
0157:H7 Cell Concentration Applied to the Skin Region of Apples

Inoculated controlt Washing temperatire
ocH ol

Washing solution e nleEe CFUMR o 28 Clegee CRU/RY  60°Cidlogy s CFU/E)
Tap water 6.37 371 E0.25AB 4234+ 124 AB
5% hydrogen peroxide 524 397+ 120AB o 3740008 AB
1200 ppm Sanova® 3.49 438£045AB 48340.75A
400 ppm chiorine {pHY =63} 5.39 300-£1.23ABC 484+ 015 A
Agidified electrolyzed water 4.65 1o4£0.19C AT EQITAR:

* Log reduction = mean cell population of untieated inoculated control {duplicate samples) minus.
mean cell population following washing treatment (duplicate: samples). Means with oo letter in
common are significantly different at p < 0.0, : '

® Mean populations of untreated inoculated control samples.

¢ Sanova (acidified sodium .chlorite} solution was: prepared according: io- the manufacturer’s
specifications. .

T The pH of the chlorine solution was adfusted 1o-6.5 using concenitrated hydrochionic acid.

for surface pasteurization include apples, melons, mangoes, lemons, oranges,
cucumbers, pears, tomatoes, and alfalfs seeds,

{mmersion of apples in hot water or sanitizing solutions (60°C for
2 minutes) resulted in =4log CFU/g reductions in Eschericiia coli Q157.H7
populations moculated on the skin surface (Table 21.1). However, these
{reatments were not effective in inactivating cells inoculated in inaccessible
sites (stem and calyx) of apples (Table 21.2 and Table 21.3) [3:4]: Fleischman
et al. [14] reported similar results for surface pasteurization of apples using
water at 95°C for up to 60 seconds. Hot water immersion of apples can result
in heat damage-resulting in browning of the skin at temperatures above 60°C
and softening of the subsurface flesh above 70 to 80°C [7,15].

Reductions in Salmonelia Poona populations on cantaloupe surfaces were
>5log CFU/em” following commercial-scale hot water inmmersion at-76°C for
3 minutes (Table 21.4) [2]. Also, this hot water commerciak-scale treatment
maintained the fresh quality and increased the shelf life of this commodity,
The use of laboratory-scale hot water or heated hydrogen peroxide treatments
(70 or 97°C for 1 minute} to inactivate salmonella cells on cantaloupe rind
surface resulted in fresh-cut product with: enhanced microbiological quaimec
[16] and extended shelf life [17]. Hot water immersion (70°C for 2 minutes or
80°C for 1 minute) was shown to be effective i reducing populations of £ cefi
01537 H7on orange surfaces [18]: Also, hotwater (= 57°C for S minutes }immer--
sion was effective in reducing populations of 5. Stanley on alfalfy seeds {19},

 Hot water treatment of a variety of fruits and vegetables vieatlv improves
their microhiological quality and shelf iife, while maintaining. their sensory
gualities: Over-processing of produce, however, can significantly-reduce seed
germination and cause thermal injury to apples and to juice extracted from
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TABLE 21.2
Fffect of Washing Treatments (2 minutes) on Log Reduction®in’ Escfremh:a
coli 0157:H7 Cell Concentration Applied to the Calyx Region of Apples

Inoculated control” Washing temperature
noculated contral”

Washingsolution 7 o - (logyg CFU/g 257 Clogeg CFU/R)  60°Coflogyy CFL )
Tap water 6. 0.19£0.18AB 043 %13AB
5% hvdrogen peroxide 5.64 D 0D394008AB T 080 £044ABR
1200 ppin Sanova’ ) 5.80 048+ 009AB o L0 0 IEA
400 ppm chlorine (pHY =6.3) ©ed Y 066L037TAE T 095 R028A
Acidic electrolyzed water - 518 004410208 =009 R 328 B

* Log reduction = mean cell population of Untreated inoculated control (duplicate samples} minus
mean cell population following washing treatment (duplicate- s ampies} Meana with no-letter in
u)mm(m are significantly different at p < 0.05. : :

* Mean populations of untreated inoculated control samp!@s
© Sarova. {acidified sodium chlorite). solution was prepared according - to (e manufuaciurer’s
ipemhcaumﬁ
¢ The pH of the chiorine solution was adjusted to 6.5 using-concentrated hydlochiorm aud
® Nesative numbers indicate ne reduction in cell populations was detected following washing
frealment.

TABLE 21.3 L T T .
Effect of Washing Treatment (¥ mmutes) on Lﬂg Reduction®in Escherichia coli
0157:H7 Cell Concentration Appined to the Stem Reg:an of Apples

Inoculated contral® Washmg tempualure

Washing solution © dogy CFU/R C2seC '(iog,‘U-CFU;‘g) 60°C fog CFU/D
Tapwater . 63T -1 R012D o 0LI0.0.12D
5% hydrogen per :)xide . 550 Lo 83 e GITAR - 096+0.72RC .
1200 ppri Sanova’ 5.66 S 2243068 A 2.04£0.62AB
400 ppiit chiloring (pli®=63) THSE e 0 49EG51CD 156 +026 ABC

Acidic electrolyzed water 319 ) SO EGRTD AR 030D

* Log reduction = mean cell pop'ui'dtion of untreated inoculated contral {duplicate samples).minus
menn cell population following washing treatmeft {duphcatc sampius} Medns mih ne 161&:; i
common are significantly differént at p< .05,

" Mean populations of untreated inoculated sonticlhsamples: o
¢ Megalive numbers indicate no reduction in cell:populations was. detecied [ollowing washing
treatment, . -
1 Sanova (3L1d1ﬁed sodium chlcritc) solunor was ﬁreparad dceordmg to Lha_ mzmufag’:turc%‘s
siJecxﬁc Ations. ’ '

* The pH of the chloring solution was adjusted to 6.5 using concentrated hydmchim‘id&cié;
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Surface Pasteurization with- Hot Water and Steam

TABLE 21.4 :
Efficacy of Surface Pasteunza‘mn Pmcess Usmg Hat Water lmm{:rsxt)n on
Salmonella Paona Populations® on Inoculated Cantaloupes®.

“Storage temperature

Treatment” S 4°C . 2000

Zh control ' ' CashE043 0 T T66R0AT
24h contrel 1314006 3.5440.69
76°C for 3wl - S e 40,000 : 016 £ 0.08°
Room temperature wash for-3min~ ) 4234032 5.0840.20

? S Poona populahom were selectively isolated on XL’M agar medmm md mporff:d
log CFU/om” rind. :

® Data are réported as the mean + standard deviation for three sepurate cantaloupes,

¢ Cantaloupes were dipinoculated with 5. Poona for Smin, allowed to air dry vndar bm\ufet\‘
cabinet for 2h, and were stored at either room temperature or 4°C for, 24 h. prior: to washing
freatments. ' ) .

* Although two of three cantaloupes tested showed no survivors, 0.11og CFUjam’ {mifiruin
detection level) was used in place of no survivors {or determiniing the imean and standard deviation.

treated oranges: These adverse-effects can be controlled by limiting treatment
temperatures and times. Since individual commodities have-different. thermal
tolerances; the hot water tmmersion: treatment-should betailored: to sach
commodity. While the rind -of a cantaloupe {2] and the peel of an orange [18]
effectively insulate the flesh from thermal damage at temperatures -above
T, the peel of an apple does-not protect the flesh from thermal damage
at temperatures above 60°C [7]. - Accerdingly;- the tolerance to hot water
immersion over a range of temperatures must berdetermined: for individua}
commodities at different maturity stages [5]. . ‘
Following ‘hot water immersion, produce should be- iapuﬂ;\, cooled: to
reduce the risk of heat damage to the commodity [2]. This cooling process
must be carefully controlled, for itis known to induee infiltration of the cool-
ing selution.-including any possible contaminating microorganisms, into-the
commodity {20-23]1, Therefore, the cooling water to be.used. for this purpose
should be free of human pathogenca and spoilage microcrganisms.. A forced
cold air tunnel could be used for rapid cooling of the commodity. The use of
santtizing agents during washing treatments, which includes a hot water wash,
18 recommended to reduce the microbial load in-the washing solution. This
prevents possible cross contamination in the washing tank, which could-result
in internalization during the subsequent cooling' treatment. :

213 SURFACE PASTEURIZATION WITH STEAM
Stéam 15 & gas - gaseous water. Because Wa{el vapor molacules- are many

orders of magnitude smaller (about 2 %107 pmy than bacterial cells such as
salmoneHa (4 pim long and 0.7 pm thick); and-the mean free path length-of water
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vapor molecules (0.4 pm} is smaller than bacterial cells, steam shoukd be able
to enter any crevices ot pores that bacteria can enter [24]. Steam is a unique
fluid for pasteurizing food surfaces. ' is sufficiently hot to kil virtually all
bacterial vegetative cells on contact. However, much like hot water, treatment
with steam may damage heat-sensitive foods like fruits and vegetables.

Much of the research on the use of steam for surface pasteurization has
been on meat rather than fruits and vegetables. Of course, the meat-related
research can be relevant to fruits and vegetables, but meats, except poultry,
are generally more thermally resistant and forgiving than fruits and vegetables.
Unfortunately, most of the information found on steam treatment of fruits
and vegetables is mot in the peer-reviewed literature but on web- sites and
compuny brochures,

In 1970 Klose and Bayne [25] expes imented with steam to kill bacteria on
the surface of chicken. Chicken samples. were hung inside .a three-necked
flask; and steam was introduced under vacuum at 70 to 75°C. They obtained a
ilog reduction of naturally present bacteria with 2 Z-muiute exposure, and a
3log reduction after 16 minutes, Unfortunately, treatment above 60°C resultod
in partial cooking of the outer layers of the &&mplc& ' _

in a follow-up study, Klose ef al. [26] developed a cylindrical metal vacuum
chamber to treat whole chicken carcasses with steam. Reductions of 3logs of
dnpoculated S Typhimurium were achieved by appiication of subatmospheric
pressure steam at 75°C for 4 minutes. However, "the cooked breast meat was
almost twice as tough for steam treated as for controls (5.4 versus. 3.0 kg shear)
and was similarly judged by a trained taste panel,” pleaumabky because ‘i;he
surface was-cooked.

-Davidson et al. [27} used a doubie waﬂed steei pldte steam chamhei to
treat whele chicken carcasses and chicken parts with 180 to 200°C steam for
20 seconds. They realized a 1 to 2log reduction of the aerobic plate count
{APC) on whole carcasses and breasts. The kill on legs and wings was 2 logs.
They reported “evidence. of fat qeparahon in the skin and a lightly woked
appearance of skin and.exposed muscles.” :

Steam has been used commercially as a surfdce treatment for me&ts [281.
Nutsch et al [29] reported-that the bacterial reduction in a commercial beef
processing plant using atmospheric pressure steam for 6 or 8 seconds was
.35 logs.

When steam is-brought into ¢ontast mih food-sarfaces, it displaces the air
while compressing a very thin film of air against the food surface. This film
of air insulates the food surface against direct contact by the steam. The steam
16 hot encugh to kill bacteria instantly. but to do so it must transfer its thermal
energy to the bacterial cell. With a film of air present, the steam-cannot contact
the bacteria directly and must transfer the energy across the compressed
air film to the bacteria. This is a relatively slow process compared to conden-
sation of steam directly onto the bacteria cell walls. The process is so slow,
in fact, that the steam will cook the surface before killing the bacteria, which
15 detrimental to.the guality of thin-skinned and heat-sensitive commodities.
However, for some thick-skinned froits and vegetables. which are. destined
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Surface Pasteurization with Hot Water and Steam

for subsedquent processing; such-as for production of juice or fresh-cuts, this
might not be.a problem: since the. thermal injury would not extend into the
edible portion of the commaodity. :

In the foliowing sections, new steam surface pasteuuzatlon technologies
applicable to fresh produce are described.

21.3.1  THERMOSAFE PROCESS

Thermosafe is a patented [30,31] process of Biosteam Technologies, Ine. that
uses condensing steam to kil bacteria on the surface of fruits and vegetables.
Steam vaises the-surface temperature of fruits and vegetables tora preset value
for a preset hold time. Chilled water follows the steam treatment to: quench
cooking. Bactérial reductions of 5logs or greater can be tealized with this
process. The resultant product is acceptable for produce destined for further
processing. It is not acceptable for the fresh food ‘market because the steam
cosmetically degrades the surface.

21.3.1.1  Process Operatian

The equipment. is reianv&]v mexpenswe and mechamcaiiy s;mple Fhe pro-
cess consists of a chamber or steam tunnel which is.designed to be.integrated
mto a fruit or vegetable process line. The fruit or vegembie enters the chamber,
usually on a conveyer, or the produce can be inserted batch mods. Pressur-
ized saturated steam is injected.through vents into the chamber to bring the
surface temperature up to 74°C. Surface temperature can.-be monitored. by
contacting the surface with a thermocouple or. by Inserting a thermocouple
mto the produce 6 mm below the surfuce, Since this might not be reliable or
practical in a continuous operation, surface temperature can also be moni-
tored with a remote infrared sensor. After reaching 74°C, steam injection
continues for a 60-second hold time. The aetugl time and temperature ¢an
be adjusted, bat a surface teraperature of 84°C degrades the organoleptic
properties of fruits and vegetables. Following the hold pefiod, chilled water
at 2 to 53°C guenches the surface for another 60 seconds. The unit comes with
its own steam supply and self-contained water system, tnchading \,hzilcd water,
making it easy to install and operate. : :

21.3.1.2 - Process Effectiveness

Food Sdtety Net Serwcas Lid conducted a liu ge- scale validation study of the
process [32]. The study concluded that the “‘pmce%s can be effective in 1 edumm
the microbial toad of Listeria monocyiogenes. Salmonella spp., E. coli O157:H7,
and more thermoduric Lactobacillus spp. on the surface of fruits. and
vegetables by at least Slogs and in some cases up to 9logs.” The data on canta-
loupes-show a 5log reduction for salmonella and: E. coli, & Tlog reduction
for lsteria, and a 4log reduction for lactebacillus. For oranges the data
show almost total kill, 9legs, for salmonella, listeria;and E. coll and an 8 log
reduction for lactobacillus:” For -apples, ~there-was a: Slog-reduction for
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salmonella, listeria, and E. coli and 2 7 log reduction-for lactobacillus, Using
d combination of steam and hot air, bacterial reductions.in excess. of ’?logs
were realized on peppers.

21.3."?.3 Preduct Quaﬁty |

The quality of the interior portions of treated products was successfully
maintained. Sensory evaluations were made on citrus juice that was extrac-
ted from fruit heated in the range of 63 to 88°C. The results of triangle tests
indicated no significant differences {p < 0.05) i in flavor between treated and
‘untreated product. Therefore, the Thermosafe _process. eﬁ'ecmeky pasteurizes
the surface of the tested fruits and vegetables with no. significant SENSOry
damag«u to_the. inlerior. These fruits.and vegetables are snitable for furiher
_processing into processed pmducts c,uch as juice but tvaaﬂy would not be
suitable for the fresh food market [33].

21.3.2  UNIversiTY oF Bristor Prociss

The University of Bristol investigated the use of pressurized steam, atmos-
‘pheric pressure steam, and vacuum steam for reducing the bacterial con-
“tamination of meat and fruits and vegetables [34]. The process consists of three
stages: (1) noncondensable gases {airy are removed with vacuum; (2) stearn is
applied to the surface of the produce to reach & pasteurization temperature,
and (3) the surface is evaporatively cooled under vacuum fo quench cooking.
Steam, with its high latent heat'of condensation, gives a rapid rise in‘the surfaca
-tpmpemture which minimizes ihermal mposme t;mﬁ: e HERY

21.3.2. ‘i Pm‘cess Ope‘ration'

The pie,ssum‘ and subcatmesphenc pmssme pmceu‘. sv&:iems LOﬁblst Di‘ 4 thch
~ boiler, a processing chamber,-and a vacoum pump. The system. opé:rdtes in
- baich mode. The pressure process chamber is Lm by 0.6m.in diameter. The
flushing action tends to.remave nonmndmmblc gases. The. bubdtmmphmac

steam. chamber is 0.45m high by 0.3m in diameter. Steam is mjectcd_m the

top, and air and condensate is removed from the battcm :

With a chamber pressure of 2.3bar, product exposure time was a nomi-
nal 90 seconds. Initial vacuum time was of the order of 0 minutes, and the
evaporative cooling was about 5 minutes. Exposute times in the atmasphcnc
pressure- process were 2 to 6 seconds. Firmes for the mbatmosphum: steam .
process were not reported: S

‘ 21.3.2‘.2 Process Effectiveness

‘Although the pressure pilot plant process was: applied to peppers and soft
fruits;. no. detailed: results were reported.. The manufacturer reported
1.2 to 3.4log reductions. in APC of beef treated at temperatures: of 100, 120,
. or 135°C, depending on whether it was lean or fat. In.a comparison of various
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decontamination methods, pressurized steam gave 2 1.5 to 5 log reduction in
APC on peppers. Reductions in APC for chilled raspberries and blackberties
were 3 to-3 logs. The subatmospheric steam tnit was used-for peppers; apples,
and lettuce. Bacterial reductions up to 2logs were achieved after exposure
for 10 seconds at 65°C, and up to 4logs were achieved following exposure to
30 to 85°C for 40 seconds. '

21.3.2.3  Product Quality

There 13 no published assessment of the quality for the processed produce.
Because of the temperature and time conditions of treatment, the authors
suspect that the products should be suitable for further processing.

21.3.3  Ventiex CONTINUOUS STEAM
STERILIZING SYSTEM

The Ventilex process uses saturited steam -to - decontaminate -or sterilize
herbs. spices, and seeds [35]. The product enters a horizontal steam chamber
through a patented rotary valve, designed to prevent buildup of product within
the valve. Once in the chamber, the herbs, spices, or seeds are contacted by
saturated steam for a given time appropriate to reduce or eliminate pathogenic
bacteria. The treated product exits through a second rotary vaive. Following
steam treatment, the herbs, spices, or seeds are deied and cooled.-

21.3.3.1  Process Operation

A description of the process is available at the Ventilex web site [35]. The
process is a high-temperature/short-time treatment for herbs. spices, and seeds
using saturated steam. Small particke products such as these tend to clhump in
valves and clog the process. This is prevented by using a continuous scrapmg
action within the valve to-dislodge any adhering product..

The treatment chamber is horizontal with a vibrating belt: The beit tioves
the material through the chamber in plug flow at a set speed to achieve the
desired residence time. The frequency of the vibrating belt is.variable and
governs the flow rate that determines the dwell time for each product. Products
are treated with saturated steam over the range 107 to 123°C. Typicat treat-
ment times are 25 to 50 secouds depending on the commodity. ¢ontamination
level, and final use of the product. The treated product drops off the vibgat-
ing belt into a second rotary valve using the same sctaping action. The
“herbs. spices. or sceds then go to'a fluidized bed dryer/cooler. The condensed
steam flashes off, and the herbs, spices, or seeds are'dried wuh indirectly heated
sterile air.

21.3,3.2 " Process Effectiveness

According to.the manufacturer, products treated with this process often have
APC counts below 1 log. Salmonella is climinated. Mold and yeast.populations
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TABLE 21.5
Effectiveness of the Ventilex Process on Natura! Mrcmi}ial ﬂﬂra (lng CFU/g}
of Paprika and Rosemary e _

‘Agrolic Avrobic o
plate spore BacHine

Commodity count formers  Enterobacteriaceae cereus  Yeast Molds
Paprika Before 6 6 30 C O A
treatment ) . : . . "
After 3 3 - <2 —
treatment : ' ' ‘ ’ o
Rosemary - Before S CEe e 3 4
treatiment

After < T
treatment ’ : o

Note: —, not determined.
From van Gelder, A, Personal contmunication, 2003

are below-- 2logs. Spores. of . Baciflus - cereus, Clostridiunt perfringens, and
Staphylocaceus qureus have counts below 2log. Specific results for paprika
and rosemary. are shown in Table 21.5 [36]. There is a 3 log or better reduction
in total APC and aerobic spore formers. Yeasts and molds are essentially
ehmimnated. «

21.3:3. 3 Product Quahty

.There is hitie OF: N0 pr oduct degi adatmn Fm $Xdillp1€i Ehe cei@r Vaiue fm
paprika. differed from the control by mﬂy 2 ABRTA umits, after treatment
(reduced from 95 to 93). Volatile oils for rosemary did notnhanﬂe {O Tmi/ 100 g}
In addition, the process inactivaies enzymes.

2134 VACUUM-STEAM=VAaCUUM (VSY) Process

Thermal damage 1s a major pmbicm for steam sur fau:' pdsi&LiTlZ@d fruits and
vegetables destined for the fresh market. Conventional wisdom seems to dictate
that if the steam exposure time is sufficient to kill the bactena, the pmduz:e 18
thermally damaged. The treated produce may be suitable for the processed
. fruit or vegetable market but not for the fresh market. If fresh quality is to be
maintained by using a shorter exposure time. the bactenal population will not
be sufficiently reduced. One solution to this problem is the U.S. Department
of Agriculture’s (USDA) novel VSV process [37].

To circumvent the problem of thermal damage, the film of air and moisture
on the commodity surface is removed so that steam can rapidly contact
the bacteria directly. It is a simple concept but difficult te achieve. in practice,
. One approach was the concept proposed by Morgan er af. [24,38,39]. Tn this
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method, the food s exposed o vacumn to rétmove air and momstire. N
saturated:s edm 15 apphed to the surface. When the saturated steam ofitacts
the product; it condenses to form a water film on the friit'or vegetabﬁe surface
mumhnmmdﬁfmﬂmxmwmmdwdmﬁonT%mdom mckmdﬁemxmﬁtsa
vacuum agdin to remove the condensate and to cool evaporatively the sirface.
Kg?«,mpc} il [40] showed that cycling between vacuiun and steam to remove
the ‘condensate enhanced the population reduction: of Listeria innocua: on
hot doga Thxs concept of dﬂerndtmg vacuum and steam i§ Ehe bas;s_of the VSV
process. © ‘ : o e
Imtmi Ieﬁmlch used g etamle%s steel “devite CDHSlblll’ig of i mtm‘ and
sta‘m: The 150mm long dnd 15(} mm in diameter [?4,38] rotor was turned
mpzdiy dmund s horimntal Axis, st@ppmg at precisely determmed anguldr
pesﬂxons exposing Ehc aanuﬂe alternately. to. vacuumi or: steam. A
25mm x 75 mm x- 75 mm du,p treatment Lhamber was milled mto thﬁ surface
of the rotor. e S

The {reatment consxsteé o§ f‘our steps: (1‘ alr was: gemowed by expmute
to vacuuny (2) the: s‘imple was flushed with iow-tunpc,ratu;e saturated steam
(this flush was later abandoned); (3} the sample was exposed to pruasunz&,d
saturated steam; and (4) the sample was evaporatively cooled with vacugm.
Ba,utenal reductions on chicken meat inoculated with nonpathﬂgemc L. mndcua
‘weie about 2:10.2.3 logs Steam exposm& tlme was 0.1 to 0.2 seconds {”’4_,38]

This pmtotypc prewd the coneept, but wa: fot: pmcucai w1£h actual £
dnd vegetables such as cantaloupes. For mech nical reasons it was preferable
to move the machinery and not the food sample. Therefore, a new prototype
pilot plant unit was designed and fabricated. The surface intervention proces-
sor was designed to process chicken carcasses, specifically broilers. However,
the design is also suitable for many fruits and vegetables, especially canta-
loupes. The performance requirements of a surface intervention processor
are to accept the individual food sample and enclose it in"a chamber within
a rotor; to evacuate that chamber; to pressurizé the chamber with steam; to
vacuum cool it; and, finally, to eject the sample into a clean environment. The
simplest execution of this prototype; one chamber in onié rotor; was designed
and constructed [41]. Figure 211 shows the processor, and. Figure 21.2
shows details of the product treatinent section.” The chamber is cylindrical,
about 200 mm in diameter and 240 mit deep m‘sd is pmwded with an 8-inch

ball valve. \ :

To admit vacuum or sfeam inta thc slosed Chambex two nppmsnv 200 mm
holes were bored through the stator at right angles to both the axis of rotation
of the ball and to the centerline of the open chamber. Two platter valves,
consisting of"a flat disk’rotating against an-inlet-header that holds poly-
etheretherketone (PEEK) seals, were close-coupled to the 200 mm ports. Each
disk contained two heles, which when stepped at one of the ports in the inlet
header permitted steam flow into or vacuum evacuation from the treatment
chamber. Multiple holes reduced the rotor angulur movement necessary for
valve action and increased the cross-sectional area for gas flow. Each disk was
programmed independently and moved by its own servomotor. To expose all
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FIGURE 21,1 Vactuum-Stearm-Vacutun pmca:'ss{}r, '

... Product #_étva‘ :

/. Productgoes in and
comes out hare _ - _
- Shaft seals (4} . ._Vacuum inlet.(2) .-

 Steamn inlet (2)

L7 4
i o .- Servo drive
/o L)
S § ”
Platier (disk). -/
inlet header © / ;

- Drivecoupling

FIGURE 21.2 Schematic.-of the pré-duc{ treatment seétion. of the  Vacuum=Sieam-
Yacuum processor. .. - :
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exterior surfaces of the test sample to treatment, a screen was msmilcd at the
mldpomt of the neatment chamber to hold the sample

21.3.4.1 Process Operation

Each sample of fruit or vegetable is. manually inserted into the treatment
chamber of the VSV processor. A computer-controlled servomotor is used to
rotate the ball valve 90° to seal the chamber from the atmosphere. The platter
valves rotate to expose alternately the sample to vacuum, then steam, and
then vacuum again. With multiple cycles, the sequence of vacuum, then steam,
is repeated multiple times. After treatment, the ball valve rotates back 90° to
expose the sample to the atmosphere. After treatment, the fruit or vegetable
sample is removed manually with sterile gloves.

21.3. 4» 2 Pmcess Ef'fef.iweness

Thm., dszeien‘t kinds of ploduce (unmoculated) were paoce%sed £0. assess
thermal damage and bacterial reduction. The commodities were chosen to
represent aerial friits (grapefruits), fruifs growing on the ground {canialoupes).
and vegetables that grow in. the ground (carrots), Table 21.6 summarizes
the results. There was no visual thermm damage, and the ‘bacterial populd
tion reductions were 3.4 to >5logs, but these process conditions were not
optimized, The optimuim conditions give maximum bacteria reduction with
minimal or no thermal damage to the product. Therefore, @ series of optimiza-
tion €xpenmcnts were conducted to defermine the best processing conditions
[41]. Beets were substituted for the in-ground crop because the shape of the
treatment chamber was more amenable to spherical foods and tended-to chor
off the ends of carrots. (A VSV processor for carrots or other cylindrical crops
would require a differently shaped treatment chamber.) Papiyas were addec
{0 the list of products tested. Table 21.7 lists the optimum process cenditior
and bacterial reduction for cantaloupes, grapeflruits, papayas, and beets
Because of the high natural bacteria count on beets, they were not inoculated
cantaloupes, grapefruits, and papayas were inoculated with Listeria innocta.

TABLE 21.6

“fnitial Results for the VsV Intervention Pmcess for Unmnculated Produce

: Cf}mmad;ty s Steam tempera_ture Gy C(mtm! - Pupuiatzon reduction
Carrots 130 Cse . sso
Grapefruits - 130 © 36 o TG
Cantalolpes Toeopag

560 : 34

 Note: Vacuum time =025 se, an_d steam tinte =0.25sec..
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TABLE 21 7
Optimization Results for the VSV Surface Intervention Process on Inecugated
and Uninoculated Produce

Steamn Steam Vacuum Number of  Bacterial reduction

Commodity " temp. (C)  fime (sec) - time (se¢) " cycles oy CFUfmly
Cantaloupes 143 of 00 2 3.4 L. innocua
Grapefruits 138 0.1 IR 4 o 3.6 L. innocua
Papayas 138 0.2 A 2 3.6 L. fnnocug

Beets ' My 02 ol 3 2.5 merobic plate comnt
TABLE 21.8

Application of the VSV Surface Intervention Pmcess to Other Fm:ts and
-Vegmai)les R

. Steam ; Conirot - Treated  Bacterial

‘ Lo ‘Steam time per No.of (log = (log reduction
Commodity Bacteria  temp (C) cycie ($ec) tycles CFU/mlY ~CFU/mb)  tiog CFL /b

Mangoes L.oinnoesa - - 138 - .01 pl 54 oo B oAl

Avoeados. | . L. innocug 138. 0.1 LA 41 .. LD 31

Kiwis | . L. immecua 138 0.1 3 6.4 16 48

Barapas ~ —" 104 RS r o Muilated

Carrots Asrobic - 138 Tl S 57 be

. : platescount. -l ST : Lo
~Cucumbers - Agrobic . 138 Db 3 =54 B6o 38

L _plate count . _

Peaches L oiwocwa 138 0.1 2 5.0 L4 36 _
CCauliffower —* 27 oo ot - Color change

Broceoh e SUUR. 0 0 1 Colorithange

i Mutilated .

Peppers-— =" SRR 11 IR

Note: Vacuuim Hmes =01 sec.
*No microbiology analyses wem performed on pmdum that wert thf:um%h damsged.

Several tropical ﬁum were tested dt the general optimum condzt;oms of
138°C steam for 0.1 seconds using one, two, or three cycles and a vacuum {ime
of 0.1 seconds. The results for kiwis, mangoes, and avocados are listed in
Table 21.8:-All samples were  inoculated with- L. innoena for 10 minutes and
dried under ambient conditions for 1 hour. The tog reduction for kiwis was 4.8;
for mangoes, 4.0; and for avocadoes, 3.1. ‘

Another tropical {ruit, banana, was tested. However, the process caused
the peel to split and the fruits to darken immediately. Milder conditions (104° C
for 0.1 seconds and one cycle) were tried with green bananas. but the samples
stilt were destroved. No micr meiumcai analweg were performed on products
that were thermally damaged.
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" Other products processed without success were peppers, braccoli, and
Sauliflower. When subjected to vacuum, the peppers exploded. Upon exposure
to steam the delicate florets on broceoli turned a bright green.indicative
of blanching or heat treatment. Although the flower part of cautiflower was
essentially unscathed, the stalk and the remnants.of the leaves turned bright
green as in blanching. : e

Other fruits and vegetables ‘were tested di the umdmous stated above.
The results are listed in Table 21.:8. The bacterial reduction (APC) on uninocu-
lated carrots was 4.} log CFU/ml. Treatment of cucumbers, inoculated for
1B minutes with L. innocua and dried at ambient.conditions for | heur, resuited
in 3.81og CFU/mi reduction with three cycles. Peaches were inoculated for
10 minutes with L. innocua and were-allowed to dry for 1 hour under ambient
conditions. Using two cveles, the reduction for L. innocua-was 3.6log CFU/ml
with no thermal damage. <

In addition to bacteria, some mqects wch as rcd suak infest the surface
of fruits. Red scale is a major problem on citrus fruits. Currently, methyl
tromide is used to eliminate insects such as red scale, but the impending loss
of methyl bromide in 2005 requires alternative methods of _guarantine
treatment for disinfestations of produce imported or exported each year.

The VSV process was used to process lemons infested with red scale [42].
No- scale insects. survived. the process. The process resulted in 100% kili
of insects at all stages of development. As a bonus, up to 96% offirst molt
‘scales were physically removed, but the process-was much less- effective
in removing other. stages {rom the fruit. especially those. that had advanced
heyond the second instar. Howwm the pmcess was completely ellective in
klihu@_, the scales.

213.4.3 Product Quality

To date, evaluation of thermal damage has béen enly qualitative; Except
for bandnas, broceoli, and peppers that were not amenable to this process,
there was no thermal damage observed. Most of the treated produce samples
(aninoculated) were consumed and f@und to be indistinguishable from the
untreated controls.

214 CONCLUSIONS

Steam and hot water surface pasteurization are both promising technologies
that are capable of achieving move than Slog reductions in target pathogens as
well 4s greatly reducing populations of spoilage microorgasisms on the surface
of {ruits and vegetables. However, hot water immersion treatment of {resh
produce appears to be a gentler process and has better control over the surface
temperature of produce during treatment as compared to steam- treatment.
Steam processes are acceptable treatments for. produce intended for further
processing due to thermal damage of the produce surface. The VSV process
produces good results with a number of commodities with bacterial reductions
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up to 4.8log CFU/ml (Table 21.8); depending on the fruit-or the vegetable.
The V8V is a rapid process requiring less thzm Z-seconds for treatment-and with
little or no thermal damage. ~ : e
Even ' though highly promising, Stzrfaca pa_steurizaiion technoiogy-is in
need of further research to determine thesinal penetratien profiles and heat
sensitivity at different temperatures for individual commodities. There is
also-a need to obtain thermal Inactivation- data for human pathogens of
~eoncer, attached -to surfaces of commadities -that have subsutface sites
{e.g., pores) and other sites providing protection. as well-as exposed sites.
Furthermore, research is needed to determine the-temperature~time effect. of
surface pasteurization on sensory -qualities, storability. -and: processability
of fresh produce at different maturity stages. Results from such research would
enable the development of cheap, safe, and environmentally sound disinfec-
tion treatments for control!mg pathogens and/or spoilage microorganisms
on-fresh pmduce : N
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